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L ike many of you, I have shelves of bookended Circuit Cellar
magazines dating back to the first issue. For work-related purposes,
and out of curiosity, I frequently take time out of my busy schedule
to thumb through back issues to review many of the embedded
designs of the past 23 years. As I prepared for this issue, I returned to
Circuit Cellar 224 (March 2009) to reread Guido Ottaviani’s article,
“Robot Navigation and Control,” which was actually the starting
point for his article about sound tone detection in this issue. (When
you get to his article on page 30, you’ll understand why I returned to
his 2009 robotics article.) After reading the article, I turned to the
Task Manager section in that issue, where I had written:

Most quality new designs are the sum total of dozens, perhaps

hundreds, of earlier projects, applications, and programs. When

you see a project in this magazine, you can think of it as a single

point in the long timeline of technological evolution. Looking

ahead, you should consider each project, idea, and program

described in these pages as a contribution to future projects.

I still believe this. Guido’s article in this issue is an excellent
example. The project he finished in 2009 was simply a prelude to
his work with sensors today. And, as you’ll see, the other projects
described in this issue are also contributions to the evolution of
various important embedded technologies. Let’s review.

On page 18, David Ludington continues his series titled “High-
Accuracy Voltage Reference Using PWM.” This month he covers a
hardware design to evaluate practical PWM circuits. 

Turn to page 24 for an article about an auditory navigation
system project completed by a team of students at Cornell
University. The team describes how it harnessed the power of
various cutting-edge technologies—from embedded to GPS to
biological—to build a wearable auditory navigator. The design is
ready for future upgrades.

On page 42, Clemens Valens introduces the exciting chipKIT
Max32. This is the next phase of Arduino-compatible technology. 

Embedded system protection is a constantly evolving field of
engineering. In this issue, George Novacek provides helpful infor-
mation about EMI, EMC, and designing successful systems (p. 46).

Turn to page 50 for an interview with Shlomo Engelberg, a pro-
fessor and author who has helped the field of embedded design
evolve with his projects, courses, and books since the mid-1990s. 

On page 54, George Martin presents the fourth article in his
series on product development. His step-by-step tutorial will help
you bring a product from idea to production.

On page 60, Richard Wotiz covers the topic of ionization detec-
tion. His article will likely inspire many of you to develop new,
more effective detection systems of your own.

Lastly, Jeff Bachiochi presents the next phase of his innovative
fly-by-wire wheelchair project (p. 66). This project represents not
only the evolution of a novel system design, but also the evolution
of more than two decades worth of electronics control technologies.

Tech Evolution

cj@circuitcellar.com
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The first part of this two-part series details the hardware part of an audio sensor. You
learn how to mount the component to a printed circuit board (PCB) and configure the
internal hardware modules to manage an analog signal.

Sound Tone Detection 
with a PSoC (Part 1)

M

FE
AT

UR
E

ARTICLE
by Guido Ottaviani (Italy)

y Rino robotic platform is continuously evolving.
Being a development platform it will, perhaps,

never be completed (www.guiott.com/Rino/index.html).
As shown in my “Robot Navigation and Control” article
series (Circuit Cellar 224 and 225, 2009), the platform can
autonomously navigate in an unknown environment. In “A
Sensor System for Robotics Applications” (Circuit Cellar 236,
2010), I explained how to build a dedicated subsystem to
discover an obstacle on a robot path and find some targets
using popular sensors readily available on the market. Now
I want to focus on a specific kind of sensor, the most com-
plicated one for people who are used to designing digital cir-
cuits: the audio sensor. Its design requires a good knowledge
about analog circuits. Fortunately, modern op-amp chips
help a lot in this type of design, reducing the complexity
and instability typical of such circuits. But, you still need a
good background in both practical and theoretical analog
issues to avoid unwanted results. Once more, evolving tech-
nology helps us.

Cypress Semiconductor developed a programmable sys-
tem-on-chip (PSoC) that contains several analog and digi-
tal blocks that easily connect together (see Photo 1). There
are many “bricks” representing different kinds of func-
tions and, like a Lego system, you have to arrange them in
order to have a circuit that transforms the analog signal
according to your needs. You still need some knowledge
about analog electronic circuits; you must know the theo-
ry behind them. But, if you don’t have enough practice
building these kinds of circuits, you can still tackle such a
project. You can use point and click instead of a soldering
iron, you don’t need to test many discrete passive compo-
nents on a perfboard. You can simply reprogram your
PSoC until the goal is achieved.

The PSoC is quite different from the usual microcon-
troller, CPU, or FPGA. It flashes a program inside to per-
form some tasks but it’s not just a microcontroller. It
mixes different electronic functional blocks, but it’s not
an FPGA. Its unique feature is that it has the potential to
modify an analog signal keeping it analog and the charac-
teristics of the analog blocks can be modified on-the-fly
by the program. You have the alternative to use a digital-
signal controller to sample your analog signal and apply

Photo 1—Cypress Semiconductor’s PSoC and its programmer used
in the real circuit

Analog Signal Management
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minimum goal, and I added some more functionality that
I’ll describe in this article.

First of all, what kind of PSoC? Let’s start with the
simplest and most affordable version, PSoC 1. This is an
easy way to start understanding this device family with-
out spending a fortune. The PSoC 1 series was the first
series realized by Cypress and it’s evolved noticeably
both in analog module features and in digital block avail-
ability. There are many devices in this series, distinct for
maximum clock frequency, RAM, and flash-memory
quantity and for number of blocks. The latest one is the
CY8C29x66 family—sold in different versions, from 24 to
64 pin—the only series available in a PDIP version,
which is good for development boards (see Photo 2).

CONNECTING BLOCKS
Every book about PSoCs starts with, “Design and care-

fully test your circuit before you start writing the code.”
It’s really true! When you build your project, after connect-
ing all the blocks needed, Cypress Semiconductors’s PSoC
Designer integrated development environment (IDE)
defines the template for the program you are going to
write. It collects all the libraries needed and creates the
basic main.c file and all the “include” files with the name
you gave to each block. Changing the block configuration
after you have written hundreds of lines of code using
those names and libraries, even if possible, can be painful.

The good thing is that you can test your analog circuit
without writing a line of code. Connect programmable
amplifiers, filters, and other blocks via the common buses
available and you can display the results of your work with
a scope after injecting the signal to the input. It’s not a
simulation; it’s real.

If you are used to working with microcontrollers, the first
approach could seem strange. You don’t have a fixed number

some mathematical transformations
on it. But, you still need amplifica-
tion, mixing, filtering, and amplifi-
cation of the previous signal before
sending it to an ADC for processing
the signal by software. Often, a
PSoC can do all this (and more) for
you. The analog blocks are really
analog! They are real operational
amplifiers; they are not a software
simulation of an analog behavior or
a mathematical elaboration. The
only digital stuff is that the capaci-
tance can vary using switched
capacitors technique. Adjusting the
switching frequency and/or duty
cycle, you can modify the capaci-
tance, and therefore the parameters
of the analog blocks, without adding
external components. Looking at the
electrical characteristics on the
datasheets, you can find the same
parameters of a normal op-amp
datasheet: GBP, noise factor, common-mode rejection
ratio, and so on.

As an example, there is a module that is unique on pro-
grammable devices—an instrumentation amplifier. This is
one of the trickiest circuits to realize even with expensive
op-amps. It requires good knowledge to obtain very high
impedance, enough bandwidth, a good common-mode
rejection ratio, and everything else needed to have a good
measuring instrument. This is not achievable with a stan-
dard microcontroller.

I don’t want to write a PSoC manual. I’m not going to
explain every feature of PSoCs. I’ll just explain how to
build a tone-detector circuit with a Cypress device,
focusing on some specific issues I’ve found. Even if you
don’t need a 4-kHz tone-detector circuit, the same basic
principles I’m going to describe can be useful for many
other types of projects. This could be considered “on-the-
job training.”

THE BASICS
Do you remember the circuit described in my sensor

board article? In an explorer robotic challenge, the robot
must autonomously find some sound sources that emit a
4-kHz tone. To achieve this goal, the robot has three
microphones on three sides. The conditioning and
revealing circuit is based on a quad op-amp and a tone
detector. There is a first stage that mixes and amplifies
the signals coming from the microphones, an active tun-
able band-pass filter, a second amplifier stage, and an
NXP Semiconductors NE567 tone detector. The remain-
ing op-amp in the chip is used as an active virtual
ground reference for all the amplifiers, enabling higher
impedance for their inputs.

At the very least, my first goal was to obtain the same
functions with a single PSoC. I reached and exceeded that

www.circuitcellar.com • CIRCUIT CELLAR® 31
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Photo 2a—You can buy a full evaluation kit with everything needed to start experimenting. b—Or
you can buy the less expensive miniprogrammer to use with your own prototyping or final board.
In both kits, there is a Cypress Semiconductor CY8C29466-24PXI PDIP PSoC device sample,
which is perfect for our purposes.

b)a)
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even only as an exercise for the brain, to
read some of the many application notes
available on Cypress’s website.

TRICKS & TIPS
Allow me to share some personal

experiences with the hope of saving
you some time and headaches. When
copying text from one window to
another, you cannot use standard ctrl-C
and ctrl-V for copying and pasting. You
must use drag-and-drop with a mouse
between tabs. Fortunately, I’m a Mac
OS X user, and drag-and-drop is more
common than copy and paste for me,
compared with Windows users. At least
at the beginning, it is highly recom-
mended to enable the “show allowed
connections” feature (right click) to
immediately know which connections
are admitted for the line or module you
are using.

Lastly, there is no big enough moni-
tor when you are working with PSoC
Designer, you have to zoom and pan
often. To navigate more easily on the
block diagram to place or connect mod-
ules and buses, you can temporary

switch from standard to pan-mode view with an Alt key
instead of clicking the menu item or using the right click
contextual menu.

THE CIRCUIT
The “external” circuit is simply a bunch of passive com-

ponents (see Figure 1 and Photo 3). On the microphone’s
side, there are three high-pass RC filters for DC decoupling
and low-frequency noise filtering. Three current-limiting

Photo 3—The circuit is simple. It is easy to wire it on a small piece
of perfboard.

of peripherals that can be connected to I/O pins according to
your needs; you have a fixed number of boxes that can be
filled with any kind of functional block. In this case, the
limit is the number of boxes, not the number of blocks. The
blocks can be connected internally with other blocks or
externally with I/O pins. Not every combination is possible.
There are a good number of buses and boxes, but you have to
study the right compromise between your needs and the
connections available. It can be confusing at the very begin-
ning, but it becomes easier after a while. Be prepared to
spend most of your time testing different connections and
different configurations for each of the blocks before reach-
ing the optimum solution.

Every operation is performed inside PSoC Designer. You
can connect blocks, configure them, read the datasheet of
each block, write and compile your program, flash the
device, and more without going outside of the IDE. You can
also configure everything manually editing the code; after
all, it acts as a usual microcontroller with a huge number
of registers for a lot of different configurations. You have to
take care of all the compatibilities avoiding possible con-
flicts. Fortunately, PSoC Designer does all these things, cre-
ating the code for you.

At the end, you can also create an exhaustive report of the
entire configuration with the block diagram and a detailed
description for each block using the menu item “view-config-
uration datasheet.” It creates a folder (ConfigDataSheet) with
all the information and the picture for a complete documen-
tation. Many of the pictures used in this article have been
automatically generated with this function. It is interesting,

Figure 1—The “external” connections
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Figure 2—The analog blocks configuration with the connections to the internal buses and external pin drawn using PSoC Designer schematic
conventions
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resistors drive the LEDs. A Schottky diode forms a peak
detector together with a capacitor to measure the level of
sound; this kind of diode causes a lower voltage dropout
than normal rectifier diodes. The purpose of the R5 resistor
is to decrease the discharge time of the C5 capacitor in
order to enable a faster multiplexing of the three inputs.
Those external components were chosen instead of a peak-
detection block because all the internal available boxes are
busy and this three-component network is an acceptable
compromise. A trimmer is used to set up the threshold of
the analog signal that triggers digital out. A trimmer? Why
a trimmer when you can use an up/down digital circuit
with an LED bar indicator of the position? Because it’s
much simpler. Sometimes I’m lazy.
Filtering capacitors and sockets complete the “bill of

materials.” The real complexity is in the “internal” part of
the circuit, as expected using this PSoC device. Let’s
describe every single block and connection.

ANALOG BLOCKS
Figure 2 shows the analog blocks configuration with the

connections to the internal buses and external pins drawn
using PSoC Designer schematic conventions. Figure 3
shows the equivalent schematic diagram drawn using
standard symbols.
The AMUX4_mic block is one of the improvements with

respect to the older op-amp version. In that one, the micro-
phones were all mixed in one single input, not enabling the
identification of the sound source direction. With a multi-
plexer, we can use a single chain of filtering and amplifica-
tion, assigning it to one microphone at a time.
All the analog continuous blocks (first row) are connected

to the external world through a standard MUX or a combina-
tion of multiplexers. With PSoC Designer you can address a

specific I/O pin to the spe-
cific input of the block.
Substituting a standard
MUX with an AMUX4 or
AMUX8, you can dynami-
cally switch four or eight
pins toward an input dur-
ing the execution of the
program using its API. This
module doesn’t fill up a
block since it superimposes
the function of an existing
module.
In this configuration,

ports P0(1), P0(3) and P0(7)
can be sequentially
addressed to PGA_pre.
PGA_pre refers to the

programmable gain ampli-
fier (PGA). The micro-
phone’s signals need a first
amplification before enter-
ing into the band-pass fil-
ter. The ACB00 block

accepts analog type-B module, its input is internally con-
nected to the AMUX4_mic and its output can be internally
connected to the analog switched capacitor block ASC10
without using any bus. It is perfect for our purposes. The
characteristics of this amplifier are good for an audio-
band amplifier—GBP up to 5.4 MHz for a 5-V power sup-
ply in high-power mode. The gain is programmable in
several steps from 1/16 to 48. It is amazing to me to read
about GBP, noise factor, bias, etc. in a programmable-
device datasheet.
Using an amplifier with a software programmable gain

enables us to realize an automatic gain control, expanding
the dynamic of the amplification chain. This is another
feature not present in the op-amp version of this circuit.
BPF4_4KHz refers to the band-pass filter. This is a

Photo 4—You can use the filter design to write down all the values for
all the registers involved in your filter. Simply right click on a filter
block to pop up the contextual menu.

Figure 3—This is equivalent to Figure 2, but it’s drawn using standard symbols.
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switched capacitor module that fills up four blocks. The out-
put of BPF4_4KHz goes to AnalogBus 1 and out to Port_0_5.
The Port_0_5 pin is internally connected also to AInMux_2
and routed to PGA_out for the final amplification.

These are the most interesting kind of modules. With
switched-capacitor amplifiers you can build fully analog fil-
ters with the same characteristics of classic filters (e.g.,
Butterworth and Bessel).

Second-order filters fill up two switched-capacitor analog
blocks (ASD and ASC). Fourth-order filters fill up four
blocks. Remember, there are some connection constraints
that limit the number of practicable filters. Only second
and third rows accept switched-capacitor blocks. Only the
first and third columns can be connected to an ACB block,
the only one that enables connection to the world external
to the device.

Not every filter topology is available on every PSoC 1
family. For example, Cypress’s eight-pin CY8C27143-
24PXI PSoC device, even with 12 analog blocks, admits
only BPF2 and LPF2 filters. All available filters topology
are band pass of second order (BPF2), band pass of fourth
order (BPF4), elliptical low pass of second order (ELPF2),
elliptical low pass of fourth order (ELPF4), low pass of sec-
ond order (LPF2), and low pass of fourth order (LPF4).

We need some basic theory about the switched-capaci-
tor technique to understand what we are going to do.
Switched cap blocks use the same op-amp used in the
continuous analog blocks. This op-amp then has some
capacitors driven by switching signals placed in feedback,
input, and output positions to serve various functions
such as integrators, summers, and filters. The timed
switching signals give the capacitors the ability to func-
tion the same as a resistor would in the circuit. The value
of the capacitance along with the speed of the switching
enables the user to vary the correlating resistance value.

Photo 5—The graph captured by the DSO in Spectrum Analyzer
mode, the function-generator window that sweeps a signal in the
audio band, and a terminal window with the debugging values sent
by the PSoC via the UART port. The background shows the PSoC
Designer window with the project used for this test.
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This is the heart of the switched-capacitor technology. Since
switching is involved, the output signal you would expect
isn’t continuously present and must be sampled at specific
times in order to see the correct signal. The construction of
the PSoC switched-capacitor blocks enables you to process
these signals easily in filters and put them out to the analog
output buffers or use the blocks as analog-to-digital convert-
ers without being a switched capacitor expert.

Once more, you can write down all the values for all
the registers involved in your filter or use the practical
filter design wizard by right clicking on a filter block to
pop up the contextual menu (see Photo 4). This wizard
suggests the capacitance values needed, after entering the
characteristics of the filter you are going to realize. The
resulting filter frequency response is shown in both theo-
retical and effective form. As happens in classical discrete
component filters, you have to slightly adjust values to
obtain the better compromise on frequency bandwidth,
phase, and amplitude flatness.

One of the important things to note about designing a
filter is that the cutoff frequency of the filter is based on
the clock frequency being sent to the analog columns
that contain the filter. The filter design wizard does not
set up resources to generate this frequency for you. It
simply tells you which frequency is important. The spec-
ified frequency must be sent to all switched-cap blocks
used in the filter. You will be required to create a clock
using digital resources to send to the analog column.
This clock can come from timers, counters, and so on. If
the clock is attainable by using the VC1, VC2, or VC3
signals, you can reserve your digital blocks for other
uses. Since there are limits on what clocking frequencies
can be set to the blocks, there are limits on what fre-
quencies you are able to choose for your filters. That is
the reason why you won’t find a high-pass filter design in
the PSoC. Unfortunately, this is the nature of switched-
capacitor designs. 

Photo 5 shows the response, in the frequency domain, of
the realized band-pass filter. The screenshot shows the graph
captured by the DSO in Spectrum Analyzer mode, the func-
tion-generator window that sweeps a signal in the audio
band, and a terminal window with the debugging values sent
by the PSoC via the UART port. The background shows the
PSoC Designer window with the project used for this test.

Another PGA of the same type is PGA_out. This one
amplifies the signal at the out of the BPF4_4KHz. It is also
software controlled, which enhances the dynamic of the
entire chain even more.

PGA_out is the output that is connected to AnalogOut-
Buf_2 and routed to Port_0_4. The filtered signal is there-
fore available on Port_0_4. Port_0_4 is connected to
Port_2_2 through a Schottky diode and a capacitor in order
to rectify the 4-kHz signal. The DC signal out of the recti-
fication circuit on Port_2_2 is routed to ADCINVR_mes to
measure via software the level of the 4-kHz signal present
at the input.

With the scope placed on Port_2_2, you can see the signal
(see Photo 6). The configuration is the same as in Photo 5,

with the DSO in Time Domain mode (oscilloscope). The
sampling frequency of the switched capacitor block is clear-
ly visible, as previously described.

RefMux_1 refers to the analog virtual ground reference.
This is routed to AnalogOutBuf_3 in order to obtain an
AGND virtual ground reference for the inputs. It is
connected to them through a 1-MΩ resistor. Another inter-
esting module available on PSoC devices, this enables the
generation of a virtual ground with a level between VDD
and VSS. Anyone who has been involved in analog circuit
design with a single power supply knows how much care
must be dedicated to this part of the circuit. A bad design
can damage the signal introducing distortion or noise. A
passive network virtual ground reference can lower down
the input impedance at unacceptable values.

Studying several application notes, something caught my
attention. They always use a resistor between inputs and
AGND reference. Why? All analog blocks should be auto-
matically referenced to AGND internally, what is the pur-
pose of that resistor? On a classic op-amp there is always
some feedback resistor to the input that brings it to the
right bias. A switched-capacitor amplifier input, decoupled
with a capacitor to the external circuit, is really floating
with the risk of having an unwanted DC bias or amplifying
a noise. It needs a resistor between each input pin and the
virtual ground reference to fix the bias.

AGND reference can be realized in different ways. As in
normal op-amp, when no more pins are available on your
device, you can use a voltage divider with two resistors
and a capacitor from VDD (a Cypress Semiconductor
AN16833 PSoC). In application note AN2247, Cypress
simply uses an unused OutBuff connected to an output
pin. If a block and a pin are available, the best way is what
you can see on this circuit: configuring a RefMux with
AGND as input and OutBuff as output to an external pin,
this one becomes a clean and stable AGND reference for
all of the circuit.
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Photo 6—With the scope placed on Port_2_2, you can see the signal.
The configuration is the same as in Photo 5, with the DSO in Time
Domain mode (oscilloscope).
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SCBLK_inbuff, the generic SCBlock, is just used as a buffer
with a gain of one to connect the external Port_2_0 with
ADCINCVR_Pot ADC. This is a trick that popped up after
hours of tests on how to connect the port on which the trim-
mer is with an ADC that can only be placed on a fourth col-
umn because the other columns are already busy. It was also
a good exercise for understanding an SCBlock. I had under-
valued this generic block because it was too “generic,” and
also because the datasheet is too poor.

After looking at application note AN16833, where a four-
channel mixer with independent adjusting for each channel
is realized with a single PSoC 1, I found the AN2223 that
better explains this module, with relations to standard op-
amp characteristics. It’s very useful. It’s a real op-amp, pro-
grammable in several different modes.

Someone once said, “For those who are really adventur-
ous, Cypress has created the generic switched cap block.
This block gives you a visual configuration of all the set-
tings of a switched capacitor block to allow you to create
your own module easily.” It’s partially true, indeed. The

placement is not trivial, not every connection is possible.
There are several restrictions depending on the placement
of the block and sometimes some external links are need-
ed, involving an analog bus. But it’s really versatile. Unlike
classic op-amps, you can also have two inverting inputs.

ADC_mes are, of course, mixed blocks. Part of their
function is in the analog section and part is in the digital
section. There are many different kind of ADCs available
on a PSoC 1. Choosing the one right for your purposes can
be tricky. Fortunately, Cypress’s documentation is exhaus-
tive with datasheets and a lot of application notes. Dis-
cussing in detail the reasons for choosing one or the other
is beyond the scope of this article. For this purpose, an
ADCINVR with 11-bit resolution is the right compromise
between needs and block occupation.

ADCINCVR_mes is used to read the input signal as
aforementioned. The ADCINCVR_pot is used to convert
the position of a trimmer in order to manually (and option-
ally) set a threshold for the trigger part of the circuit. 

According to the formulas in the datasheet, both types

Figure 4—Digital blocks diagram

GIO GIE7 0     7 0
GIO GIE7 0     7 0

RI0[0]

RI0[1]

RI0[2]

RI0[3]

BC0

RI1[0]

RI1[1]

RI1[2]

RI1[3]

BC1

RI2[0]

RI2[1]

RI2[2]

RI2[3]

BC2

RO0[0]

RO0[1]

RO0[2]

RO0[3]

RO1[0]

RO1[1]

RO1[2]

RO1[3]

DBB001 2

ADCINCVR_mes
CNT

DBB01

ADCINCVR_mes
PWM16_LSB

DBB02

ADCINCVR_mes
PWM16_MSB

DBB03

ADCINCVR_pot
CNT

DBB10

ADCINCVR_pot
PWM16_LSB

DBB11

ADCINCVR_pot
PWM16_MSB

DBB12 DBB13

TX8
TX8

Data clock out_

Output

DBB20

HB_Tmr
TIMER16_LSB

DBB21

HB_Tmr
TIMER16_MSB

DBB22 DBB23

Port_0_1

Port_0_0

Port_0_2

Port_0_3

Port_0_4

Port_0_5

Port_0_6

Port_0_7

Port_1_0

Port_1_1

Port_1_2

Port_1_3

Port_1_4

Port_1_5 12CHW

12CHW

DIGITAL_OUT

LED_3

LED_2

LED_1-

Port_1_6

Port_1_7

Port_2_0

Port_2_1

Port_2_2

Port_2_3

Port_2_4

Port_2_5

Port_2_6

Port_2_7

Port_0_1

Port_0_0

Port_0_2

Port_0_3

Port_0_4

Port_0_5

Port_0_6

Port_0_7

Port_1_0

Port_1_1

Port_1_2

Port_1_3

Port_1_4

Port_1_5

Port_1_6

Port_1_7

Port_2_0

Port_2_1

Port_2_2

Port_2_3

Port_2_4a

Port_2_5

Port_2_6

Port_2_7

CompareOut

TerminalCountOut

3

2

2011-10-015_Ottaviani_Layout 1  10/11/11  1:45 PM  Page 38

http://www.circuitcellar.com


40 CIRCUIT CELLAR® • www.circuitcellar.com

No
vem

be
r 2

01
1 

– 
Iss

ue
 2

56

of ADCINCVR_ perform a full measure in 1.7 ms with a
4.8-MHz clock (VC1). These parameters are chosen to
have an integration time that filters out some undesired
signals. A spreadsheet for calculating parameters is avail-
able on the Circuit Cellar FTP site.

Like any other analog circuit, and because the maxi-
mum possible amplification gain is quite high, it is highly
recommended to have a very clean power supply to avoid
amplification of noise that could interfere with the real
signal. A dedicated linear-voltage regulator or an LC low-
pass filter could be used to filter out undesired signals, pri-
marily if the sound circuit is on the same power line of
digital circuits.

DIGITAL BLOCKS
Figure 4 shows the digital blocks diagram. These mod-

ules are probably more familiar to standard programmable
device users. The diagram also uses not so standard con-
ventions to show how the digital modules are connected to
the internal buses or to the external pins. This is due to
the “not so standard” way that Cypress approaches this
issue and to the huge amount of possible connections the
PSoC has. This could be a little bit confusing for designers
used to working with other kinds of microcontrollers but,
after some practice, it quickly becomes easy to manage.

Some boxes in the diagram are filled with the digital
counterpart of the ADCs. 

The HB_Tmr is a 16-bit timer. It fills up two boxes
because it is a 2-B timer. It is the base clock for all of the
timings in the program. Its timing is: 

TX8 refers to the serial transmission module. It enables
transmission via the UART of the analog values read from
various inputs. It can be useful for debugging purposes using
standard ASCII characters to a serial console or, using any
kind of protocol (e.g., dsNav communication), it could be
used to interface other boards alternatively to I2C port.1

It is notable that even only the TX part of the UART
module can be used if no data has been received, as in our
case. This saves a box and an I/O pin that can be used for
other purposes.

Here is some information about digital OUTs. To drive
an LED or a generic I/O it is highly recommended to use an
LED module. This doesn’t fill up a box, it is just a kind of
library that correctly drives the I/O port. It can be found
under the MiscDigital section. Not using this module
requires a direct control of the port using the shadow regis-
ters. The module can be configured in Active High or
Active Low mode. The first mode must be used when the
cathode of the LED is connected to VDD and a high level
on the anode will switch it on. The second mode requires
an LED with the anode connected to VSS and a low level to

VC2 = 
VC1

15
 = 

SysClk

5

15
 = 

24 MHz

5

15
 = 320 kHz

Timer Period == 
1

VC2
  PeriodRegister + 1  =

 0.000003125  3,199







× ( )

×   + 1  = 10 ms( )

the cathode will switch it on. In both cases, the “LED_On”
instruction is used to switch the LED on.

The I/O ports can be used even if they are not connected
to a block, after all, this is a microcontroller too. A pin
configured as “StdCpu” can be used in the program using a
mnemonic name.

Every line can be configured in different modes, which
enables a lot of flexibility. They accept Strong-high,
Strong-low, High-impedance, Pull-up, Pull-down, Open-
drain-high, and Open-drain-low modes. Almost everything
is possible, even configuring a pin in both Input and Out-
put mode. This requires good practice with PSoC that can
be achieved in the field or by a carefully reading many
application notes.

In a single PSoC family, there are many kinds of different
devices with a different number of I/O pins, but all with the
same number of analog and digital blocks. All other pins can
be used as input/output like any standard microcontroller.
All the outputs can directly drive devices that require sev-
eral milliamps, such as LEDs or something similar.

EzI2Cs refer to the I2C communication module. This
doesn’t fill up a box, you have just to assign a clock and
data line to a couple of pins to start using this protocol.

The basic circuit described above performs a basic
task, but this approach simplifies much of the design if
compared with an equivalent fully analog circuit. In this
article, there is a full description of how this specific
board works, but there is also most of the information
you need to start using PSoC devices when developing
similar circuits. The complete and up-to-date PSoC
Designer project is available on my Google Code space.

HARDWARE OR SOFTWARE?
It may sound bizarre defining software to hardware dif-

ferences in a device completely configured through a com-
puter. You are changing some physical parameters via a
graphical user interface (GUI) on a computer window. In
the same way you can change the flow of a program with a
conditional jump, you can optimize the phase response of a
Butterworth filter—without a screwdriver on a trimmer or
a solder iron on a capacitor—just with mouse and key-
board. And it is not a simulation, it is real world.

But let me be conservative to better explain this innova-
tive device. Let’s use traditional terms. In the first part of
this article series, I described the hardware part of the proj-
ect, how the component can be mounted on a printed cir-
cuit board (PCB) or on a development board, and how the
internal hardware modules can be configured to manage
our analog signal in order to be useful for our needs.

Now you have the correct signal at a correct level.
What can you do with it? Let’s apply some “real” soft-
ware, at least according to the traditional description of
this term.

In the second part of this series, I’ll describe the software
capabilities of the PSoC 1 device and how to use them to
measure the level of the signal, expand the dynamic of the
amplifying chain, and reliably share this information in
several different modes with the external world. I
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NEED-TO-KNOW INFO
Knowledge is power. In the computer applications
industry, informed engineers and programmers
don’t just survive, they thrive and excel. For more
need-to-know information about some of the topics
covered in this article, the Circuit Cellar editorial
staff recommends the following content:

—
Networked Timing
Build a Timer With Advanced Planning Tools
by Thomas Bereiter
Circuit Cellar 224, 2009

Thomas’s irrigation timer with advanced plan-
ning (ITAP) is a truly novel irrigation control sys-
tem. The easy-to-use system, which directs user
interaction into a standard web browser, provides
useful information such as watering schedules and
zone activity. Topics: Irrigation, Timer, Network,
Scheduling, Solenoid, JavaScript

—
Temperature Calibration System
by Brian Millier
Circuit Cellar 202, 2007

Brian designed a portable temperature meter that
contains a PID controller and a user interface for
entering a setpoint. The meter can be plugged into a
separate calibrator unit, which generates stable tem-
peratures for sensor calibration purposes. Tempera-
ture, PID, Calibrator, Thermistor, Thermocouple

UPDATE

PROJECT FILES
To download the “ADCINVRcalc
.xls” spreadsheet for the calculation
of parameters, go to ftp://ftp.circuit
cellar.com/pub/Circuit_Cellar/ 
2011/256.
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